ABSTRACT
INTRODUCTION
Ulcerative colitis (UC) and Crohn disease have a common etiopathogenesis and features, and they fall under the collective term inflammatory bowel disease (IBD). 1 No longer a disease mainly seen in Europe and North America, IBD is now a global disease. 2 Despite the recognition of westernization of lifestyle as a major driver of the growing incidence of IBD, 3, 4 no countermeasures against such lifestyle changes have been recommended, except that patients with Crohn disease should not smoke. 5 Dysbiosis (imbalance) of the gut microflora has been observed in IBD, 6 and it is apparent now that gut microflora is influenced by our diet. 7, 8 Thus, it seems critical to maintain gut symbiosis for the suppression of gut inflammation by consuming a suitable diet. With a suitable diet, substantial improvement in the prognosis of IBD can be expected. We consider that the lack of a suitable diet is the biggest issue faced in current treatment of IBD. [9] [10] [11] We regard IBD as a lifestyle disease caused mainly by our omnivorous (Western) diet. [9] [10] [11] [12] We have been providing a plantbased diet (PBD) to all patients with IBD since 2003. 10 By incorporating a PBD in treatment, we have achieved and published far better outcomes in both the active stage and quiescent stage in Crohn disease 9, 11 than those reported previously.
If IBD is accepted to be a lifestyle disease mainly caused by a westernized diet, then current practice must change. Current practice recommends lifelong medication for relapse prevention in IBD. [13] [14] [15] Diet, however, is critically important. Although medication is needed in the active phase of IBD, diet is generally more important than medication to maintain remission in the quiescent phase. 9 If a suitable diet is established as part of a changing lifestyle, medication ultimately may not be needed to maintain remission. 9 The Japanese diet has become westernized and is now far from a PBD. 10 With increasing affluence in Japan, replacement of our diet with a PBD is not easy. This replacement can, however, be achieved by a short period of educational hospitalization. We started educational hospitalizations in 2003. The percentage of patients with UC admitted for educational hospitalization was 30% of all admitted patients with UC. 10 Our goal is the prevention of a relapse during the follow-up period after educational hospitalization. We hypothesized that educational hospitalization will decrease the relapse rate, and, eventually, remission will be maintained in most UC-affected patients not with medication but with a PBD.
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METHODS

Design, Settings, and Patients
We designed a single-group trial (study number UMIN000019061), which was conducted at 2 tertiary care hospitals in Akita in northern Japan: Nakadori General Hospital and Akita City Hospital. The first author (MC) worked for Nakadori General Hospital between 2003 and 2012 and has been working for Akita City Hospital since 2013. This study was approved by the ethical committees of Nakadori General Hospital and Akita City Hospital (Protocol Numbers 19-2003 and 15-2015) . Written informed consent was obtained from all patients.
Patients with UC who did not need immediate treatment and were able and willing to be admitted for about two weeks were included in the study. Cases comprised both initial episodes of UC and cases of disease relapse. Patients who received a diagnosis of UC through a health checkup but never had symptoms were excluded.
Educational Hospitalization
A lacto-ovo vegetarian diet (about 30 kcal/kg of standard body weight) with fish once a week and meat once every 2 weeks (ie, a semivegetarian diet) was provided during hospitalization. Details of the semivegetarian diet have been described previously. 9 During hospitalization, food other than the meal service was discouraged. The plant-based diet score (PBDS), which evaluated adherence to the PBD, was 35 during hospitalization. 10 On the first day of admission, for a patient who did not have bloody stool, a fecal occult blood test (OC-Auto III Latex Reagent, Eiken Chemical Co Ltd, Tokyo, Japan; normal range ≤ 50 ng/mL) 16 was performed. Patients were provided with educational material on lifestyle diseases, healthy lifestyle habits, 17 pathogenesis of IBD, and information on the PBD. During hospitalization, patients were provided with answers to any questions they had. A registered dietitian also visited the patients 
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Relapse Prevention in Ulcerative Colitis by Plant-Based Diet Through Educational Hospitalization: A Single-Group Trial and talked to them about the PBD and helped them get used to it. At the end of the hospitalization, a qualified dietitian gave dietary guidance to the patients and the person who prepared the patient's meals. 9 Laboratory tests, including any with previously abnormal results, were repeated. Patients were advised to continue consuming the PBD after discharge.
Medication before and during Educational Hospitalization
Medication already prescribed by a physician was maintained before and during hospitalization irrespective of whether it was an initial case or a relapse case. When a patient was referred without a prescription of medication, no medication was administered before and during hospitalization. However, when there was no improvement observed during the first seven to ten days after hospitalization, medication was initiated according to guidelines. 18 
Food-Frequency Questionnaire and Plant-based Diet Score
A questionnaire of dietary habits and lifestyle behaviors before onset or relapse of the disease was given to patients when the educational hospitalization was scheduled. This food-frequency questionnaire included 45 questions that covered almost all foods or food groups in Japan. 9 The questionnaire was obtained immediately after admission, before the patient received information about the PBD. On the basis of the questionnaire, a table was created that summarized a patient's current and future recommended lifestyle and dietary habits. 9 A representative table for a 22-year-old patient experiencing an initial episode of UC is shown in Tables 1a and 1b. The recommended dietary habits in  Tables 1a and 1b are consistent with the PBD. These tables were given to the patient during hospitalization and was used by the dietitian when giving dietary guidance.
A PBDS was calculated from the questionnaire responses. The method for how the PBDS was calculated has been described previously. 10 In brief summary, 8 items considered to be preventive factors for IBD had a positive score, and 8 items considered to be IBD risk factors had a negative score. The PBDS was calculated as the sum of the positive scores (PBDS+) and negative scores (PBDS-). A higher PBDS indicated greater adherence to the PBD. 10 The PBDS for the same 22-year-old patient in Tables 1a  and 1b is presented in Table 2 .
Follow-up
Follow-up was continued as long as possible. The interval between the educational hospitalization and initial follow-up visit to the Outpatient Department after discharge varied depending on the stability of the patient's condition. For a patient who started receiving medication at the end of hospitalization, the interval to initial follow-up was three to four weeks. For a patient who was in unstable remission, the interval was four to six weeks. For a patient who was in stable remission, the interval was eight weeks. For a patient who was in remission for more than a few years without medication, the interval was three to six months. 
a Servings are spread over a week. b Green tea is recommended to drink at home but is not provided at the hospital. PBD = plant-based diet.
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Assessment of Efficacy
The primary end point was relapse during the follow-up period after educational hospitalization. Relapse was defined as a change in the clinical status of the patient that required more aggressive medical treatment. 15, [19] [20] [21] [22] Reappearance of streaks of blood, a small volume of blood, or bloody stool was not counted as relapse if blood disappeared or was controlled with previous medication and/or with modification of the diet or a lifestyle behavior.
The secondary end point was immediate improvement during educational hospitalization. Patients with UC recruited for educational admission comprised 3 groups: mild (disease) activity 23 ; remission 23 with abnormal laboratory test results, including fecal occult blood tests; and remission with normal laboratory test results. For the first 2 groups, improvement was defined as the disappearance of bloody stool (clinical remission), 24 a decrease in the volume of blood, normalization of the fecal occult blood 
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test result or a decreased volume of fecal occult blood, and other improvements. Otherwise, the immediate outcome was defined as unchanged. Short-term (≤ 2 years) and long-term (> 2 years) chronologic changes in the PBDS were also studied.
Safety Evaluations
Safety assessments included vital signs, patient complaints, findings during daily practitioner rounds, and physical examinations.
Statistical Analysis
Demographic parameters are expressed as mean and standard deviation (SD) and/or median (interquartile range), as appropriate. The frequency of categorical variables between initial episode cases and relapse cases was assessed using the χ 2 test. Chronologic changes in PBDS+, PBDS-, and total scores in identical patients were compared using the paired t-test or Wilcoxon test. Kaplan-Meier survival analysis was used to calculate the cumulative proportion of patients who had a relapse.
Comparison of cumulative relapse rates between patients with an initial episode and those with a relapse, or between patients on and without a medication regimen, was tested using the logrank test. All directional tests were 2-tailed. A p value ≤ 0.05 was considered statistically significant. Statistical analyses were performed using JMP 8 software (SAS Institute Inc, Cary, NC).
RESULTS
Patient Characteristics
By extent of disease, E1 (proctitis) 23 was most frequent (31 cases, 52%), followed by E3 (extensive colitis; 22 cases, 37%), and E2 (left-sided colitis; 7 cases, 12%). Of 60 cases, 48 (80%) were mild, 23 11 (18%) were moderate, and 1 (2%) was severe by maximum severity ( Table 3) . The difference between mean disease duration (7 months) for initial episode cases compared with mean disease duration (53 months) for relapse cases was statistically significant (p < 0.0001; Table 3 ). Medication was not provided during the hospitalization in 23 cases (38%). There were 2 cases in which immunomodulators (systemic prednisolone or azathioprine, or both) were used for initial episode cases and 5 for relapse cases. There were 2 relapse cases with steroid dependence. None of the 60 cases had previous surgical resection of the large bowel (Table 3 ). All patients ingested the PBD during the hospitalization.
Twenty-two of 60 cases were admitted during their school or company's seasonal holidays. Although a 2-week period was recommended for educational hospitalization, the period differed among patients. Most ranged between 11 and 16 days, with a peak at 14 days. One patient had a psychiatric illness and was discharged earlier than planned, on Day 5, because of anxiety. In this case, dietary guidance was provided at the Outpatient Department.
Three of 60 patients were transferred to physicians immediately after discharge from the educational hospitalization for unavoidable reasons. Of the remaining 57 patients, 34 were followed-up while they received medication, whereas 23 cases received no medication during follow-up. All patients who did not achieve clinical remission during educational hospitalization achieved remission soon after discharge to the Outpatient Department. During the follow-up period, 17 patients moved out of Akita and were transferred to other physicians. Ten patients stopped attending follow-up sessions. The remaining 30 patients attended follow-up sessions to the end of July 2017. The mean follow-up period after educational hospitalization was 3 years 10 months (median = 3 years; Table 3 ).
Efficacy Primary End Point: Relapse Rate
Of 57 cases, 8 (4 of 28 initial episode cases and 4 of 29 relapse cases; 4 cases each on and without a medication regimen) relapsed during the follow-up period (Table 4 ). Cumulative relapse rates at 1, 2, 3, 4, and 5 years were 2%, 4%, 7%, 19%, and 19%, respectively ( Figure 1 ). There were no differences in cumulative relapse rates between initial episode cases and relapse cases (p = 0.9651; Figure 1 ). Mean time to relapse was 7 years 3 months (6 years 7 months for initial episode cases and 7 years 6 months for relapse cases). Similarly, there were no differences in cumulative relapse rates between cases on (n = 34) and without (n = 23) a medication regimen (p = 0.9644). In 2 of 8 relapse cases, a colectomy was eventually performed because of corticosteroid dependency (Table 4) . Biologic agents were not administered for these 2 cases because of unavailability at the time.
Secondary End Points
Twenty of 60 patients had no symptoms, and their fecal occult blood tests were negative. However, the remaining 40 patients had either mild activity 23 with symptoms or were in remission 23 with some abnormality in fecal occult blood tests or serum C-reactive protein concentration (Table 3 ). In these 40 cases, the immediate effects of hospitalization were assessed. Disappearance of bloody stool (clinical remission) occurred in 11 cases (27%); 4 of these patients were not receiving medication. A decrease in the volume of blood was observed in 10 cases (25%). Normalization of fecal occult blood or a decrease in the volume of fecal occult blood was observed in 4 cases (10%). Other improvements, such as in serum C-reactive protein concentration, bowel movements, or 
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Relapse Prevention in Ulcerative Colitis by Plant-Based Diet Through Educational Hospitalization: A Single-Group Trial body temperature, were observed in 6 cases (15%). No improvement was observed in 9 cases (23%; Figure 2 ). In 2 of these 9 cases, some medication was added.
One patient was mistakenly not asked to respond to the foodfrequency questionnaire. Therefore, baseline PBDS was determined from 59 patients. Mean (SD) baseline PBDS+, PBDS-, and PBDS were 23.2 (8.4), 13.2 (5.8), and 9.8 (9.8), respectively (Table 5) . For 23 patients, at a median follow-up period of 1 year 2 months, respective scores were 28.4 (8.0), 6.8 (5.9), and 21.6 (10.6). These 3 values were significantly better than those at baseline (p < 0.0001 or p = 0.0001; Table 5 ). In the other 16 patients, at a median follow-up period of 3 years 11 months, respective scores were 27.5 (6.8), 8.8 (7. 3), and 18.7 (9.8). These 3 values were better than those at baseline: The last 2 were statistically significant (p = 0.0461, p = 0.0340; Table 5 ).
Safety
All patients ate the PBD, and none experienced an adverse effect. There was no serious adverse event because of 5-aminosalicylic acid or local use of corticosteroid hormone.
DISCUSSION
To our knowledge, this is the first published study of prevention of relapse of UC by means of a PBD in patients guided through a short educational hospitalization. Cumulative relapse rates at 1, 2, 3, 4, and 5 years during follow-up after educational hospitalization were 2%, 4%, 7%, 19%, and 19%, respectively. These relapse rates are far better than those previously reported. 15, [19] [20] [21] [22] [25] [26] [27] The definitions of relapse and remission for UC vary according to the perspective of clinical trials, guidelines, clinical practice, and patients. [28] [29] [30] The symptom, streaks of blood in the stool, is determined as relapse by Mayo scoring 28 and Montreal classification, 23 but not by a simple clinical colitis activity index. 29 The definition of these terms influences relapse and remission rates. 31, 32 In the current study, we followed the Inflammatory 
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Bowel Southeastern Norway (IBSEN) Study Group's definition of relapse: A change in clinical status of the patient that requires more aggressive medical treatment. [19] [20] [21] [22] This definition seems adequate for clinical practice. On the basis of inception cohort studies, it has been determined that extensive colitis or severe systemic symptoms at diagnosis are not associated with increased relapse rates. [19] [20] [21] [22] 33, 34 This means that relapse occurs irrespective of the extent of the disease and the severity. Few articles have described relapse rates at 1 year for initial episode cases. 19, 21, 27 The rate is reported as 50% by the IBSEN Study Group, 19 and estimated to be 28% from a Kaplan-Meier plot provided by the European Collaborative Study Group of Inflammatory Bowel Disease. 21 It is 68.1% according to a Japanese study in which the definition of relapse was based on a Disease Activity Index 28 of 2 or greater. 27 After the first year, disease activity decreases over time. 19, 26, 34 Cumulative relapse rates are 57% to 78% at 5 years and 67% to 83% at 10 years. [20] [21] [22] 26 The participants in the current study comprised almost half each of initial episode cases and relapse cases. Although the median disease duration was short for initial episode cases compared with relapse cases (3 months vs 33 months; Table 3 ), a higher relapse rate was not observed for initial episode cases compared with relapse cases (Figure 1 ).
To date, adherence to 5-aminosalicylic acid in the quiescent stage has been advocated to prevent a relapse. [13] [14] [15] 18 Kawakami et al 15 used the same definition of relapse that we did in a study of Japanese patients who were in remission for more than 6 months, and they reported a relapse rate at 1 year of 41% for nonmedication-adherent patients and 16% for medicationadherent patients. Reports of this kind have been the basis for lifelong maintenance medication in UC. [13] [14] [15] Our relapse rate of 2% at 1 year is far better than that previously reported. 15, 19, 21, 26, 27, 35 Whether a similar low relapse rate is found in ordinary patients with UC who have not undergone educational hospitalization needs to be elucidated. Our educational protocol resulted in patients voluntarily moderating their meat, processed meat, and alcohol intake, which are reported to be dietary risk factors for relapse in UC. 35 We believe that IBD is a lifestyle disease mediated mainly by a westernized diet. It is suggested that patients can stop medication when they feel confident after a few years of remission using the PBD. This may go some way to relieving a patient's fear about the disease, especially compared with being told that they may need to receive medication for life. [13] [14] [15] In the current study, the majority (77%) of patients experienced improvements in symptoms and/or laboratory data during hospitalization (Figure 2) . We can attribute this to some extent to the patients' appreciation of the importance of diet. The mean baseline PBDS (9.8 [SD = 9.8] from 59 patients) in this study was comparable with the score (10.9 [9.5] from 159 patients with UC) in a previous study. 10 The significantly high PBDS at the short-term follow-up (median = 14.0 months) compared with the baseline score (p < 0.0001; Table 5 ) indicated that patients altered their dietary habits in favor of the PBD. Dietary adherence to the PBD for more than 1 year might change gut microbial enterotypes, 8 resulting in relapse prevention. In this study, a high relapse rate in initial episode cases compared with relapse cases 19, 26, 34 was not observed. This indicates that the high relapse rate in the first year for initial episode cases might be suppressed with dietary intervention.
Although sustained dietary change is desired, a decrease in PBDS was observed during the long term (median duration = 3 years and 11 months). Most patients tended to lose their determination to adhere to the PBD once they had been in remission for a few years. However, they still consumed more of the recommended food and consumed less of the food that was discouraged compared with baseline (Table 5) . Consequently, the PBDS was higher compared with baseline (p = 0.0340; Table 5 ). Patients appeared to manage the level of PBD by themselves according to their condition, suggesting that educational hospitalization enhanced their self-management skills.
A PBD was previously shown to be effective in both the active and quiescent stages of Crohn disease. 9, 11 The current study has shown that a PBD is effective in both the active and quiescent stages of UC as well. Of note, four patients with mild activity of UC achieved remission without medication during the educational hospitalization. Except for our case report, 36 this is the first reported successful induction of remission by dietary manipulation without medication among published dietary trials. [37] [38] [39] [40] A reduction in the incidence of relapse by IQR = interquartile range; PBDS+ = sum of positive scores on questionnaire (see Table 2 ); PBDS-= sum of negative scores on questionnaire (see Table 2 ); SD = standard deviation.
Relapse Prevention in Ulcerative Colitis by Plant-Based Diet Through Educational Hospitalization: A Single-Group Trial means of educational hospitalization will contribute not only to personal benefits to the patients themselves but also to health care savings.
Research on gut microflora has advanced our understanding about the key role of the gut microflora in health and disease. [6] [7] [8] [41] [42] [43] [44] [45] [46] It is not limited to gut homeostasis but extends to individual health. 41, 43, 44 Microbial diversity plays an important role in gut homeostasis. 6, [41] [42] [43] [44] [45] [46] Reduced microbial diversity (dysbiosis) is commonly observed in a variety of chronic diseases. 41, 44 Recently, the relationship between diet and microbial diversity has been elucidated. 6, [41] [42] [43] [44] [45] [46] A diet that is high in fat and sugar and low in dietary fiber tends to reduce microbial diversity, resulting in poor production of microbial metabolites such as short-chain fatty acids, which have diverse effects in maintaining homeostasis. In contrast, a PBD rich in dietary fiber increases microbial diversity and produces beneficial microbial metabolites. 6, [41] [42] [43] [44] [45] [46] This observation might partly explain why a PBD prevents a variety of chronic diseases. [47] [48] [49] [50] Indeed, the same explanation applies to IBD, 6, 41, [43] [44] [45] indicating that replacing an omnivorous diet with a PBD in IBD is the right approach.
Comprehensive lifestyle changes are fundamental for treating chronic diseases. 51, 52 However, changes in lifestyle, including dietary habits, are not easy. 53 Our study indicates that educational hospitalization is an effective method for the replacement of an omnivorous diet with a PBD. Educational hospitalization is seldom seen in the literature, 53 but it is common for diabetes mellitus in Japan. 54 It is suggested that this modality will be effective for a variety of chronic diseases.
Our study had some limitations. The PBDS was developed at the late stage of the study. 10 Therefore, short-and longterm chronologic changes in PBDS were not obtained from the same patients. Patients with short-term PBDS (n = 23) and those with long-term PBDS (n = 16) were different: They did not overlap (Table 5) . Comparison of PBDS at 3 time points (ie, baseline, short-term, and long-term) from the same patients would have been more appropriate. Our study was also limited in that there was no control group and the sample size was small. Larger controlled studies are needed to validate the results. Additionally, further studies are needed to elucidate how educational hospitalization can alter the natural history of UC.
CONCLUSION
Relapse rates after educational hospitalization providing a PBD experience are far lower than those reported with medication. Educational hospitalization is effective at inducing habitual dietary changes. v
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